Mitochondrial creatine kinase in contact sites: interaction with porin and adenine nucleotide translocase, role in permeability transition and sensitivity to oxidative damage.
The creatine/phosphocreatine circuit provides an efficient energy buffering and transport system in a variety of cells with high and fluctuating energy requirements. It connects sites of energy production (mitochondria, glycolysis) with sites of energy consumption (various cellular ATPases). The cellular creatine/phosphocreatine pool is linked to the ATP/ADP pool by the action of different isoforms of creatine kinase located at distinct subcellular compartments. Octameric mitochondrial creatine kinase (MtCK), together with porin and adenine nucleotide translocase, forms a microcompartment at contact sites between inner and outer mitochondrial membranes and facilitates the production and export into the cytosol of phosphocreatine. MtCK is probably in direct protein-protein contact with outer membrane porin, whereas interaction with inner membrane adenine nucleotide translocase is rather mediated by acidic phopholipids (like cardiolipin) present in significant amounts in the inner membrane. Octamer-dimer transitions of MtCK as well as different creatine kinase substrates have a profound influence on controlling mitochondrial permeability transition (MPT). Inactivation by reactive oxygen species of MtCK and destabilization of its octameric structure are factors that contribute to impairment of energy homeostasis and facilitated opening of the MPT pore, which eventually lead to tissue damage during periods of ischemia/reperfusion.